In the absence of exogenous dolichyl phosphate, the largest amount of transfer of ['4C]mannose into the mannosyl lipid was observed with preparations from fructose-fed animals. Preparations from glucose-fed animals showed about 60% as much transfer, whereas membranes from rats fed the other diets showed intermediate values between the fructose-and glucose-fed animals. The inclusion of cholesterol in the glucose diet elicited an increase in transfer of mannose.
Microsomal preparations from rat adipose tissue catalyse the transfer of [14C]mannose from GDP-[ '4C]mannose to an endogenous acceptor forming a [ '4Clmannosyl lipid. The mannosyl lipid co-chromatographs with hen oviduct dolichyl monophosphate f-mannose on three solvent systems. It is stable to mild alkaline hydrolysis, but strong alkaline treatment yields a compound that co-migrates with mannose 1-phosphate. The mannosyl lipid is labile to mild acid hydrolysis, yielding ['4C] mannose. Formation of the compound is reversible by GDP, but not GMP, and is stimulated by exogenous dolichyl phosphate.
The kinetics of transfer of [14C] mannose from GDP-[ 14C]mannose to form dolichyl monophosphate mannose were studied by using preparations derived from rats fed on one of four diets: G (high glucose), L (high lard), F (fructose) or GC (high glucose, 0.9% cholesterol). The Km and Vmax values for transfer from GDP-mannose were virtually indistinguishable in the four preparations.
In the absence of exogenous dolichyl phosphate, the largest amount of transfer of ['4C ]mannose into the mannosyl lipid was observed with preparations from fructose-fed animals. Preparations from glucose-fed animals showed about 60% as much transfer, whereas membranes from rats fed the other diets showed intermediate values between the fructose-and glucose-fed animals. The inclusion of cholesterol in the glucose diet elicited an increase in transfer of mannose. Under conditions of saturating exogenous dolichyl phosphate, preparations from lardfed animals have 1.5 times as much enzyme activity as do preparations from animals fed the other three diets.
Several plasma-membrane-associated functions are modified in response to dietary manipulations. Adipose tissue preparations from animals fed a highlard diet have a decreased hormone-stimulated lipolysis and decreased hormone-stimulated adenylate cyclase (Gorman et al., 1973) , a decreased insulin response and binding and decreased concanavalin A response (Ip et al., 1976) and decreased glucose transport (Ip et al., 1977) compared with rats fed a high-glucose diet. Furthermore, one or more of these changes are also observed in liver and intestinal epithelial cells (Sun et al., 1977; Raheja et al., 1975) . The lipid compositions of liver plasma membranes from animals fed either a high-glucose or a high-lard diet are also different (Sun et al., 1979) . Recently, the response to noradrenaline in fat-pads was shown to be abolished by feeding a diet high in saturated fatty acids (Awad & Zepp, 1979) .
The differences in response to concanavalin A sug- Vol. 186 gest that cell-surface glycoconjugates may be modified depending on whether the animal has been fed a high-lard or a high-glucose diet. In fact, Henriquez et al. (1979) have demonstrated that liver plasmamembrane glycoproteins from rats fed a high-lard diet have between 30-40% less sialic acid, hexosamine, fucose and mannose than do liver plasmamembrane glycoproteins from high-glucose-fed rats. The glycosylation of proteins has been the subject of intensive investigation. Glycoproteins containing N-asparagine-linked oligosaccharides have a core region consisting of mannose and N-acetylglucosamine units (Kornfeld & Kornfeld, 1976) . Sugars linked to dolichyl mono-and pyro-phosphate have been shown to be involved in the assembly and transfer of this core region (Behrens, 1974; Lucas & Waechter, 1976; Waechter & Lennarz, 1976; Hemming, 1977a,b) .
The differences in response of isolated adipocytes 0306-3283/80/030791-08 $ 1.50/1 to concanavalin A and the differences of carbohydrate composition of liver plasma-membrane glycoprotein when animals are fed different diets suggest that differences in the biosynthesis of plasma-membrane glycoproteins can be induced by diet. For this reason, as well as the fact that the adipocyte plasma membrane has been characterized with respect to protein and glycoprotein species present (Trosper & Levy, 1974; Kawai & Spiro, 1977a,b) , we have undertaken this study of lipid intermediates in adipose tissue. Furthermore, dolichol-linked saccharides have not previously been described in adipose tissue. In addition to the high-glucose and high-lard diets, animals fed a fructose diet and a cholesterol diet were also included in the studies presented here. Sucrose is known to have effects on adipose tissue insulin sensitivity resembling those of fat feeding (Vrana & Fabry, 1973) and in a recent report (Mills & Adamany, 1978) inhibitors of cholesterol biosynthesis were shown to diminish dolichol-linked saccharide synthesis in smooth-muscle cells.
After the completion of this work, Hemming and his collaborators (Coolbear & Hemming, 1979; Tavares et al., 1979) Male Sprague-Dawley rats (150 g) were purchased from Taconic Farms, Germantown, NY, U.S.A., and fed Purina rat chow for 1 week, after which they were put on one of several diets. The high-glucose diet and high-lard diet have been previously described (Ip et al., 1976; Tepperman et al., 1978) . Both diets contained 32% of the calories as casein and the remainder as either glucose or lard. Adequate amounts of vitamins, minerals and-cellulose were added. In addition to the previously described glucose and lard diets, a fructose and a glucose-plus-cholesterol diet were fed to some groups of animals. The fructose diet was identical with the glucose diet except that an equal amount of fructose was substituted for glucose. The glucose-plus-cholesterol diet was identical with the glucose diet except for the inclusion of 8.6g of cholesterol/kg of diet. Rats were fed these diets for 1 week during which time food and water were available ad libitum.
Protein concentration was determined by the method of Lowry et al. (1951) The assay has previously been described (Lucas & Levin, 1977 [14ClMannosyl lipid was prepared for chemical characterization by using microsomal preparations of fat-pads from chow-fed rats weighing approx. 250g. Incubations were as described, except that 2mg of membrane protein was used and the incubations were for 5 min.
Chromatography
Whatman SG-8 1 paper was prepared by the method of Steiner & Lester (1972) (Fig. 2a) .
Mild acid treatment (0.1 M-HCl in 50% propanol at 500C) releases a water-soluble compound with t/2 = 11 min (Fig. 3) . The 14C-labelled water-soluble Front (a) product co-chromatographs with authentic mannose on solvent system E (Fig. 2b) . [14C]Mannosyl lipid (5000c.p.m.) was dried in a conical test tube and 250ul of propanol and 250,Ul of 0.2M-HCI were added and incubated at 500C. At the indicated times 50,1 portions were withdrawn and added to 4 ml of chloroform/methanol (2:1, v/v) and 1 ml of 5mM-NaOH. The radioactivity in both the aqueous and organic phases was counted to assess hydrolysis of the mannosyl lipid. formation Microsomal preparations from rats fed different diets were assayed for [14C]mannosyl lipid formation as described in the Experimental section. Fatpads from groups of 12 rats were pooled and membranes were prepared as described. The means+ S.D. are shown for glucose diet (A; four groups), lard diet (0; four groups), glucose-pluscholesterol diet (U; three groups), rat chow diet (O; two groups) and fructose diet (0; three groups). (Fig. 6) Table 2 show virtually no differences with respect to GDP-mannose dependency in the preparations from the rats fed the various diets. (Behrens, 1974; Lucas & Waechter, 1976; Waechter & Lennarz, 1976; Hemming, 1977a, In other membrane systems studied, the concentration of endogenous dolichyl phosphate is rate limiting and modulation of dolichyl phosphate concentration has been postulated as a possible regulatory mechanism in the glycosylation of protein via the lipid intermediate pathway (Lucas & Levin, 1977; Harford et al., 1977; Hemming, 1977b; Lucas & Nevar, 1978; Lucas, 1979) . In the light of the observation that the carbohydrate composition of liver plasma-membrane glycoproteins is different -J when animals are fed different diets (Henriquez et al., 1979) , we undertook a study of the kinetics of mannosyl transfer to ascertain whether the apparent ion differences in protein glycosylation could be attriwere buted to modulation of dolichyl phosphate concenphate trations or to differences in the mannosyltransferthree ase(s).
plus- The mannosyltransferase activity can be measured by assaying the formation of dolichyl monophosphate mannose under saturating conditions for GDP-mannose and dolichyl phosphate. When such an experiment is performed, the preparations from lard-fed animals are found to have approx. 1.5 times the mannosyl-transfer activity as the other three preparations.
The differences between lard-fed and glucose-fed animals are of interest because of the previous studies demonstrating that the carbohydrates of plasma-membrane glycoproteins of liver and adipose tissue can be modified by these two diets. However, the studies presented here indicating that preparations from lard-fed animals have more enzyme and more endogenous dolichyl phosphate than glucosefed animals seem to be at variance with the previous studies showing a decreased carbohydrate content of liver plasma-membrane glycoproteins (Henriquez et al., 1979) when animals are fed the lard diet. Although the carbohydrate content of the adipocyte plasma membrane has not been measured directly, its responses to insulin and concanavalin A suggest that its compositional changes in response to diet are similar to those observed in liver. It is possible that the decreases observed in the liver plasma-membrane carbohydrate composition when animals are fed the lard diet can be attributed to decreased transfer of peripheral sugars arising from direct transfer from sugar nucleotides, not involving lipid intermediates. If this is the case, at least part of the changes elicited by diet may be the result of shifts in sugar nucleotide or sugar phosphate pools.
Also of interest are the results obtained when cholesterol is included in the glucose diet. (It should be noted that the lard diet also contains cholesterol.) Dolichol synthesis and cholesterol synthesis share a common pathway up to farnesyl pyrophosphate (Gough & Hemming, 1970a,b) and the inhibition of cholesterol synthesis at hydroxymethylglutaryl-CoA reductase may be expected to have an effect on dolichol synthesis. In fact, Mills & Adamany (1978) have demonstrated that inhibitors of cholesterol synthesis inhibit the formation of dolichyl-linked oligosaccharide and protein glycosylation in smoothmuscle cell cultures. On the other hand, Hemming and his colleagues (Coolbear & Hemming, 1979; Tavares et al., 1979) have observed increases in liver dolichol synthesis and dolichyl monophosphate mannose and dolichyl monophosphate glucose synthesis on inclusion of cholesterol in the diet. Although the dietary regimens used in our experiments are different from those used by Hemming and his co-workers, we observe similar results. The apparent discrepancy between the results obtained by us and Hemming on the one hand, and Mills and Adamany on the other, may be the result of performing experiments with whole animals as opposed to using cells in tissue culture.
The mechanism by which cholesterol modulates the concentrations of dolichyl phosphate is unknown. Mills & Adamany (1978) were unable to detect any differences in hydroxymethylglutarylCoA reductase activity from inhibited and control cells. However, the activities of the enzyme were low and they may not have detected small but significant changes in activity. Coolbear & Hemming (1979) have suggested that cholesterol may be inducing generalized membrane changes that are manifested as apparent differences in the dolichyl phosphate concentrations. These points will need to be studied in more detail before an answer to these questions will be obtained.
In summary, we have presented evidence for the existence of dolichyl monophosphate mannose in adipose tissue and also have shown that the endogenous concentration of dolichyl phosphate and mannosyltransferase activity can be altered in response to dietary manipulation. The modulation of dolichol-and dolichyl phosphate-linked saccharide biosynthesis promises to be an interesting and important area of research.
